Abstract
Methods
In a rural primary health care centre, 903 HIV-infected adult patients were randomly selected and data on HIV-infection and cardiovascular risk factors were collected. Glomerular filtration rate (eGFR) was estimated. Albuminuria was defined as an Albumin-CreatinineRatio above 30 mg/g. Multivariate logistic regression analysis was used to analyse albuminuria and demographic, clinical and HIV-associated variables.
Results
The study population consisted of 903 HIV-infected patients, with a median age of 40 years (Inter-Quartile Range (IQR) 34-48 years), and included 625 (69%) women. The median duration since HIV diagnosis was 26 months (IQR 12-58 months) and 787 (87%) received antiretroviral therapy. Thirty-six (4%) of the subjects were shown to have diabetes and 205 (23%) hypertension. In the cohort, 21% had albuminuria and 2% an eGFR <60 mL/min/ 1.73m 2 . Albuminuria was associated with hypertension (adjusted odds ratio (aOR) 
Introduction
The global impact of Human Immunodeficiency Virus (HIV) infection is immense. At the end of 2013, worldwide an estimated 35 million adults and children live with HIV and 1.5 million deaths were caused by Acquired Immune Deficiency Syndrome (AIDS) [1] . South Africa has one of the highest burdens of AIDS globally, with approximately 240,000 AIDS-related deaths in 2013 alone [2] . Fortunately, due to the enormous roll-out of antiretroviral therapy (ART), the incidence of HIV has stabilized and life expectancy of people living with HIV has improved tremendously [3] . HIV is now considered a chronic disease and its prevalence has subsequently increased. With an aging population of people living with HIV, the focus of today's HIV care is shifting from treating acute illnesses caused by opportunistic infections towards reducing chronic comorbidities [3] . Cardiovascular and renal disease are important co-morbid conditions among patients with HIV, including patients from sub-Saharan Africa (SSA) [4] . Several factors predispose HIVinfected patients to developing renal disease. Factors directly associated with HIV infection include an increased susceptibility for renal infections, direct renal damage through HIV-associated nephropathy (HIVAN) and anti-HIV immune complex mediated glomerulonephritis (HIVICK) [5] . Nephrotoxicity can result from HIV-associated treatments, such as antimycotic agents, and ART, such as tenofovir and indinavir [6, 7] . The increased prevalence of traditional cardiovascular risk factors seen in HIV-infected patients predisposes these patients even further to developing kidney damage [8, 9] . Furthermore, African race is associated with a higher risk of hypertensive kidney disease and HIVAN, as well as a more aggressive course of kidney disease [10] [11] [12] . In addition to the burden of kidney disease, the prevalence of cardiovascular disease (CVD) is increasing in SSA, as well as among HIV-positive patients [13] [14] [15] . Among the general population in SSA, HIV is the leading overall cause of death, while CVD is second [16] . A vicious circle ensues where CVD causes kidney damage, which in turn worsens cardiovascular risk [17] [18] [19] .
Albuminuria characterizes this vicious cardio-vascular-renal circle and is a marker for both renal disease and a prognostic marker for cardiovascular risk in HIV-positive patients [20, 21] . HIV-infected patients with albuminuria are significantly more likely to develop a decreased glomerular filtration rate (GFR) than those without [20] . In addition, albuminuria is associated with a higher risk of developing CVD and a higher all-cause mortality rate in HIV-positive patients [21] [22] [23] [24] [25] . An increased risk for experiencing an atherosclerotic cardiovascular event (CVE) and heart failure have been described in HIV-infected patients with albuminuria, as compared to those without [22] .
Albuminuria results from an altered balance between glomerular filtration and tubular resorption, both of which may be altered by diabetes, hypertension, HIV infection and its potentially nephrotoxic medication [26, 27] . The association between clinical variables with albuminuria has been studied in different populations of HIV-positive patients [20, [28] [29] [30] [31] [32] [33] . Both cardiovascular and HIV-associated risk factors, such as diabetes, hypertension, viral load and type of ART regimen, were found to be linked to albuminuria [20, [28] [29] [30] [31] [32] [33] . Although associations are known, the exact mechanism for the increased CVD risk in HIV-infected patients with albuminuria remains unclear. Possibly, associations can be explained by a common pathophysiologic process, such as endothelial dysfunction or chronic low-grade inflammation [34] . HIV infection is expected to cause chronic inflammation and may thus play a role in the increased risk [35] . ART can act additionally in two ways, decreasing inflammation through suppressing HIV viral load, as well as increasing inflammation through its toxic side effects.
To our knowledge, the interaction between impaired GFR, albuminuria and cardiovascular and HIV-associated determinants has not yet been studied amongst HIV-positive patients in SSA. However, data from Western countries cannot simply be extrapolated to SSA, the most impacted area by the HIV pandemic, for several reasons. First, chronic kidney disease is three to four times more prevalent in this area and CVD has vastly increased [16, 36] . Secondly, the type and nature of kidney disease amongst HIV-infected patients in SSA differs, with generally a more aggressive course of HIVAN in patients with African ancestry [12] . Thirdly, the decreased access to, and often delayed start of, ART in SSA patients results in a higher risk of developing HIV-associated renal disease [6, 37] . Early identification of patients at increased risk of developing renal disease is especially important in SSA. Patients often cannot afford renal replacement therapy, making renal failure a terminal condition [38] . Sub-Saharan Africans form not only an important population to investigate the relation between HIV, renal disease and CVD, but due to the high incidence and the limited access to dialysis and transplantation, it is also the population that would benefit most from preventive measures to attenuate progression of renal and vascular disease.
The current study aimed to provide epidemiological data on the prevalence of decreased GFR and albuminuria. Additionally, the study aimed to describe the association of cardiovascular and HIV-related factors with albuminuria among HIV-positive patients in a rural population in South Africa as an essential first step towards the identification of factors amenable to therapeutic intervention. Thus aiding in the development of treatments to face the new frontiers in the care for HIV infected individuals.
Methods

Setting and Study Population
The cohort consisted of 903 adult patients (aged 18-74 years) from the Ndlovu Medical Centre (NMC) in South Africa. NMC provides primary health care in Elandsdoorn, a rural area in Limpopo, South Africa (www.ndlovucaregroup.com). The clinic provides care to a population of approximately 120 000-140 000 patients in the area. A fully funded ART program is available since 2003, including HIV treatment and testing for approximately 3 600 HIV-positive patients. A previous study demonstrated that HIV in this region is generally of the HIV-1 subtype-C origin [39] .
Data Collection
Known adult HIV-infected patients visiting the outpatient ward for routine clinical care were randomly selected from the waiting queue by research personnel through blind selection of the medical file. Patients were eligible regardless of severity of disease or comorbidities and were included after obtaining written informed consent. Patients without a urine sample available (n = 3) were excluded from the study. Data collection took place from May 1 st 2013-December 9 th 2013, by trained research personnel using a standardized protocol. In a one-time clinical visit, weight, height, waist circumference, pulse rate and blood pressure were examined according to standard procedure. Blood pressure was measured manually using a sphygmomanometer after ten minutes of rest in a sitting position, using Korotkoff tones to identify the systolic and diastolic pressures. Three separate blood pressure measurements were made on the left and the right arm, with the third measurement on the arm with the highest blood pressure, where the average of the three was recorded. When indicated, due to an inappropriate blood cuff size fit, a larger blood cuff size was used. The Body Mass Index (BMI) was calculated as the weight in kilograms divided by the square of height in meters. A baseline questionnaire was completed to obtain demographic information and additional information concerning selfreported alcohol and tobacco use, family history of CVD, self-reported history of CVD, diabetes and medication use. Venous blood was collected into ethylenediaminetetraacetic acid (EDTA) and serum separating tube (SST) tubes and one random sample of urine was obtained. The Dade Dimension (Siemens, Germany) diagnostic analyzer was used to determine the values of serum creatinine, alanine aminotransferase (ALT), total cholesterol, high density lipoprotein (HDL) cholesterol, triglycerides, glycated hemoglobin (HbA1c) and urine ACR using commercial Siemens kits in the laboratory (Toga laboratories, accreditation by the South African National Accreditation System (SANAS)). Plasma HIV-1 viral loads (System 340 bDNA analyzer, Bayer, Germany) and CD4 cell counts (fc500 MPL Coulter analyzer, Beckman Coulter, United States) were determined. Medical history was obtained from the medical file, including information on date of HIV-infection diagnosis, start date of ART, current ART-regimen, most recent CD4 cell count and most recent HIV-1 viral load (both less than 1 year old). Any abnormalities found were reported back to the treating clinician for further follow-up. 
Statistical Analysis
Estimated glomerular filtration rate (eGFR) and albuminuria were the primary outcome variables. eGFR was calculated according to the 2009 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula and the Modification of Diet in Renal Disease (MDRD) formula [40, 41] . eGFR was categorized in three categories: eGFR 90 mL/min/1.73m 2 , eGFR 60-90 mL/min/1.73m 2 and eGFR< 60 mL/min/1.73m 2 [41] . Albuminuria was categorized using the urinary Albumin-Creatinine-Ratio (ACR) as moderately increased (ACR 30-300 mg/g) or severely increased (ACR > 300 mg/g) [41] . Demographic, traditional cardiovascular risk factors and HIV-specific covariates were analysed for a possible association with the primary outcome. Demographic variables included age and gender. Traditional CVD risk factors included diabetes mellitus (use of diabetic medication or HbA1c > 6.5% [42, 43] ), hypertension (defined as diastolic blood pressure 90 mmHg and/ or systolic blood pressure 140 mmHg or use of antihypertensive medication) and the lipid profile. Total cholesterol, HDL cholesterol and triglycerides were measured and low-density lipoprotein (LDL) was determined using the Friedewald formula [44] . Total cholesterol, HDL cholesterol and triglycerides were analysed as continuous variables, without cut-off values. Obesity was defined as a BMI above 30 kg/m 2 [45] . Waist circumference was measured and defined as enlarged in case of a circumference >94 cm for men and >80 cm for women [45] . A positive family history for CVE was defined as having at least one first degree relative (parent or sibling) who had had a heart attack or stroke before the age of 60 years. A history of CVE was defined as a self-reported stroke or heart attack or symptoms matching a stroke or heart attack. The HIV viral load was categorized as undetectable VL (VL<50 copies/mL) and elevated VL (VL50 copies/mL, including all patients not currently on ART, whose viral loads were unknown, but assumed to be over 50 copies/mL). The total duration of ART exposure, duration since Voluntary Counselling and Testing (VCT) and current exposure to tenofovir, abacavir, protease-inhibitor (PI) or non-nucleoside reverse-transcrip!ase inhibitor (NNRTI) were obtained from medical records. The above-mentioned variables were examined for their association with albuminuria using regression models. Initially, each variable was analysed in univariate analysis using either the Mann-Whitney U test for continuous variables or the Chi-squared test or Fisher's Exact Test for categorical variables. The variables used in the regression models were either associated in univariate analysis (p<0.10) or known to be linked to the outcome in literature. In case of collinearity between variables (calculated by a Variance Inflation Factor 5), only the variable with the least missing data was included. A forced-entry binary logistic regression model was used. Adjusted Odds Ratios (aOR) for the variables were calculated, where a p-value below 0.05 was considered statistically significant.
Viral load was not included in regression analysis of the whole cohort, due to a high proportion of missing viral load data for patients who had been receiving ART for less than 6 months. A separate logistic regression analysis was performed including only those patients who had been receiving ART for more than 6 months, in which the association between viral load and albuminuria was analysed as well.
All statistical analyses were performed using IBM SPSS Statistics software, version 22.
Results
The characteristics of the 903 patients included in the cohort are presented in Table 1 . The median age was 40 years (Inter-Quartile Range (IQR) 34-48 years) and female gender was predominant (69%). Similar cohort characteristics were obtained for the 656 patients (73%) included in the subgroup analysis, containing only those patients who had been on ART for at least six months (S1 Table) . Moderately increased albuminuria (ACR 30-299 mg/g) was present in 20% (181/903) of patients and severely increased albuminuria (ACR >300 mg/g) in 1% (7/903). Characteristics of the patients with severely increased albuminuria are described in the supporting information (S3 Table) . In the whole cohort, the vast majority of patients had a normal eGFR, with only 18 patients (2%) having an eGFR<60 mL/min/1.73m 2 , and 87 patients (10%) having an eGFR 60-90 mL/min/1.73m 2 . Since decreased eGFR was rare, the power to compare the distribution of characteristics among subgroups was insufficient and further analysis of the relation between decreased eGFR and covariates could not be performed. The results for the prevalence of impaired GFR were similar for both the MDRD and the CKD-EPI calculated eGFR (data not shown). Unless otherwise noted, the CKD-EPI eGFR will be recorded. Albuminuria was linked with a higher frequency of diabetes, hypertension, higher total cholesterol and decreased eGFR. Of the 20 patients with an eGFR<60 mL/min/1.73m 2 , all but three (85%) had albuminuria. After adjustment for confounding variables using regression analysis, hypertension (aOR 1.59; 95% CI 1.05-2.41; p<0.05) and total cholesterol (aOR 1.31; 95% CI 1.11-1.54; p<0.05) remained independently associated with albuminuria in the whole cohort (Table 2) . Furthermore, higher eGFR, was significantly linked with a lower prevalence of albuminuria (aOR 0.98; 95% CI 0.97-0.99; p<0.001), for both the CKD-EPI and MDRD formula. Other variables were not related to albuminuria after adjustment for covariates. Similar to the observation in the full cohort, hypertension, total cholesterol and eGFR (both if calculated with the CKD-EPI equation and the MDRD formula) were also independently linked with albuminuria in the smaller cohort including only patients on ART for at least six months (S2 Table) . Some cardiovascular risk factors were highly prevalent in the cohort. Obesity and hypertension were each observed in almost a fifth of patients, while diabetes was present in 4% of patients. Among study subjects, effective regulation of hypertension and diabetes was low. In hypertensive patients, 78% (159/205) did not receive any antihypertensive medication while an additional 11% (23/205) were inadequately regulated since they were still hypertensive despite being on antihypertensive therapy (Fig 1) . Among diabetics, inadequately treated diabetes (HbA1c > 6.5%) was also prevalent (Fig 2) . Of the 36 diabetic patients, 53% (19/36) were not receiving antidiabetic medication, while 28% (10/36) were inadequately regulated despite receiving treatment (Fig 2) . None of the patients in the cohort were receiving lipid-lowering therapy, even though 25% of the patients had a total cholesterol above 5 mmol/L (Table 1) . Of the total group, the vast majority were receiving ART (87%), with 67% (524/787) having an undetectable viral load (HIV RNA <50 copies/mL), while only 7% (56/787) of patients showed clear virological failure (HIV RNA >1000 copies/mL). A viral load was not available for 263 patients (29%), being mostly ART-naïve patients or patients on ART for less than 6 months before inclusion in the study. The median CD4 cell count was 387 cells/mm 3 . Of all patients receiving ART, almost 80% was exposed to tenofovir at the moment of inclusion in the study, while 7% were on a PI-based regimen (not including indinavir).
Patients with albuminuria had a lower CD4 cell count versus those without albuminuria (median 327 cells/mm 3 versus 406 cells/mm 3 , p<0.05) as demonstrated in Table 1 and Table 2 .
In the selection of patients receiving ART for more than 6 months, patients with albuminuria were also more likely to have a detectable viral load than patients without albuminuria (25% versus 15%, p<0.05; S2 Table) . After adjustment for confounding variables, a detectable viral load was the only HIV-related factor that was associated with albuminuria (analysis performed including only patients on ART for at least six months (S2 Table) ). The odds of having albuminuria was 2.74 (95% CI 1.56-4.79; p<0.001) times higher if a detectable viral load was present.
Discussion
In this cohort of rural South African HIV-infected patients, albuminuria was present in 20% of patients, while eGFR below 60 mL/min/1.73m 2 was observed in only 2% of all patients. Thus, glomerular filtration rate seems well conserved while albuminuria was prominently present. Both traditional risk factors eGFR, hypertension and total cholesterol, as well as HIV viral load, were independently associated with microalbuminuria. The large number of patients with albuminuria is worrisome, since albuminuria both signals underlying renal disease and is related to a worse clinical outcome in HIV-infected patients [21] [22] [23] . The high frequency of albuminuria in HIV-positive African residents may indicate an increased risk of developing renal disease and cardiovascular events for these patients.
Reported albuminuria in similar cohorts of HIV-infected patients in SSA is reflective of our results, where albuminuria was observed among 18.5% to 36% of treatment-naïve and ART patients [46, 47] . Similarly, our results are in line with previous South African studies where 0.7-6% patients had an eGFR below 60 mL/min/1.73m 2 and 7.7-15.5% of patients had an eGFR below 90 mL/min/1.73m 2 [9, 48, 49] .
Published studies support the association between hypertension and eGFR with albuminuria in HIV-positive patients [28] [29] [30] [31] [32] [33] . However, factors associated with albuminuria were not identical for each study, which may be due to a variation in the ethnical and demographic composition of included populations, such as Asian versus Western study groups, or differences in the pre-existing cardiovascular risk profile, for example inclusion of only diabetic patients.
This study is the first to demonstrate an independent association of total cholesterol with moderately increased albuminuria. However, an association with severely increased albuminuria has been described [20, 32] . A lack of standard cut-off values used to define dyslipidemia may explain the different findings. There may also be confounding by ART regimen type, which is known to affect a patients' lipid profile [50] . Nonetheless, the results in our study remained significant after adjusting for ART regimen type.
The association between traditional cardiovascular risk factors and albuminuria in HIVinfected patients reflects the dangerous interplay between CVD and renal dysfunction [17] [18] [19] . Our results do not convey causality. It would be interesting to know which is more effective in lowering the risk of cardiovascular and renal disease: lowering cholesterol levels using statins, adequately treating hypertension, or decreasing albuminuria with appropriate medication, such as Angiotensin I converting enzyme (ACE) inhibitors.
In the current study, no patients were receiving lipid-lowering therapy and the vast majority of hypertensive patients did not receive adequate antihypertensive treatment. As such, detecting and treating both dyslipidemia and hypertension may be an important target for therapeutic interventions to prevent future albuminuria and cardiovascular events. Financial constraints are likely to partly explain the low treatment rates for these cardiovacular risk factors, as cardiovascular preventive treatments are not generally provided for free, in contrast to ART and antituberculous treatment, which are being funded by governmental treatment programs.
Interestingly, only viral load-but neither low CD4 cell count nor ART regimen type or duration-was identified as an HIV-related factor associated with albuminuria. Therefore, the direct effect of HIV viremia on the kidneys seems to contribute more to the development of albuminuria than opportunistic infections (related to CD4 count) or nephrotoxic effects of ART in use in this population. HIVAN, a form of direct renal damage caused by HIV, has previously been shown to be strongly associated with the African race [11] , which may partly explain the association between viral load and albuminuria in this study. An undetectable viral load decreases the likelihood of the presence of HIV-related nephropathies, as seen in studies examining renal biopsies [5, 51, 52] . Fortunately, a majority of HIV-positive patients in South Africa are successfully being treated, thereby reducing the numbers of patients with a detectable viral load and decreasing the nephrotoxic effect of HIV-viremia [3] .
One disputed factor concerning renal disease in HIV-infected patients is tenofovir exposure. Tenofovir causes various degrees of proximal tubule dysfunction, from euglycemic glycosuria, phosphaturia or amino aciduria to an overt Fanconi syndrome [53] . The majority of the patients in the study were treated with tenofovir. However, the current study did not find an association between current tenofovir exposure and albuminuria, but it is not fully conclusive, since there are no recorded data concerning previous tenofovir exposure. As such, confounding due to previous exposure cannot be excluded. Additionally, tenofovir-associated proximal renal tubular dysfunction results in predominantly non-albumin proteinuria and is best detected using retinol-binding protein excretion [54, 55] . Given that this study examined eGFR and albuminuria, without measuring hypophosphatemia, glycosuria or total urine protein levels, mild forms of tenofovir-associated nefrotoxicity may have been missed. No patients were treated with indinavir, which has been associated with decreased renal function in previous literature as well [56, 57] .
Some limitations of this study deserve attention. The current report concerns only observational data, due to the descriptive cross-sectional design of the study, and causality cannot be demonstrated. However, our study forms a solid base to design intervention studies to address causality and therapeutic efficacy. The outcome parameter was limited to albuminuria, as a one-time measurement, which may include transient albuminuria. In future studies, more specific markers for CVD, like pulse wave velocity or carotid intima media thickness, or for renal disease such as tubular damage markers and persistent albuminuria, should be assessed.
Ideally, hard end points like cardiovascular events or end-stage renal disease should be included. Potential confounding from unmeasured variables, such as previous tenofovir exposure, opportunistic infections or urinary tract infections, could not be excluded. Our study estimated GFR using various formulae, instead of direct measurement. None of the formulae have been validated in HIV-positive patients, where weight may vary due to the clinical effects of HIV-infection. However our study population had a normal weight distribution, so the expected effect on the estimated GFR should be minimal [58] .
In conclusion, in this large South African cohort study, glomerular filtration rate was well conserved while albuminuria was common in HIV-infected patients. This is the first known study to describe potentially modifiable factors in HIV-infected patients in SSA prone to develop cardiovascular and renal disease, reflected by an increased presence of albuminuria. The traditional cardiovascular risk factors eGFR, hypertension, and total cholesterol, as well as HIV viral load, were independently associated with albuminuria in these patients. Many patients were not adequately treated for hypertension and dyslipidemia, both of which were associated with albuminuria. Although no causality was demonstrated in our study, blood pressure, cholesterol and HIV viral load appear to be promising therapeutic targets to meet the future challenges of the increasing population of patients infected with HIV. A reorganisation of financial resources should be taken into consideration to support such a change in chronic health care delivery.
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